Estimates of the benefits of malaria reduction derived from countries that eradicated the disease are not necessarily applicable to sub-Saharan Africa, where malaria incidence and mortality is high and all eradication attempts were unsuccessful. This paper estimates the effects of malaria on schooling using geographic and survey data from Ethiopia. I show that self-reported malaria is highly correlated with village topographical characteristics. Using these environmental conditions as predictors of the disease, I estimate that moving from a village with no malaria to one with average malaria reduces schooling in children and adults by 0.30-0.60 years.
Introduction
Tropical diseases, especially malaria, have been shown to reduce schooling achievement. For instance, some recent papers comparing cohorts born before and after eradication attempts in several countries show significant increases in schooling achievement post-eradication (Lucas, 2010 , Percoco 2011 , in contrast to evidence from India that does not show such benefits from eradication (Cutler et al, 2010) . These papers complement other, recent work on the effects of eradication on wages (Bleakely, 2010), GDP growth (Gallup and Sachs, 2001 ).
There are at least two reasons to provide additional estimates on the impact of malaria on education. First, existing estimates are based on countries that successfully eradicated malaria, at least for a time. None of these are in Africa, where the disease is most prevalent and where an estimated 90% of child deaths from malaria are thought to occur (Cook and Zumla, 2008) . The list of places with successful eradication programs excludes Africa not for want of trying: there were large-scale eradication attempts in several sub-Saharan countries, including the Garki province in Nigeria, the Pare-Taveta region of Tanzania/Kenya, and Cameroon (Breman et al, 2004 ). Such attempts failed not necessarily due to flaws in the eradication design, but because the disease ecology in Africa is unusually complex, ensuring the failure of any eradication campaign. Successful eradication in Africa would require dealing with all four types of malaria parasite (P. falciparum, ovalae, vivax, malariae) and dozens of mosquito species, some of which are considered extraordinarily effective in transmitting disease and avoiding the standard methods of mosquito control interventions (D'Antonio and Spielman, 2001 ). By comparison, in places where large-scale, broadly successful eradication took place-Southern Europe, the American South, and parts of Latin America-malaria was less entrenched and the mosquito vectors easier to be dispensed with. These differences in environment between eradication countries and countries with heavy disease burden suggest the need to be cautious in applying estimates from one to the other.
A second reason for the need for additional estimation strategies is that the spillover effects from malaria eradication might differ from those arising from malaria reduction, and they might be a poor proxy when evaluating initiatives aimed at reducing the burden of the disease (without outright eradication). This is important since current malaria interventions (such as indoor residual spraying or insecticide-resistant bed net distributions) mostly reduce the frequency of malaria infections. In contrast, existing research focuses either on partial equilibrium effects of childhood exposure, or general equilibrium effects of childhood exposure. 1 One reason to believe that eradication could overestimate the impact of malaria reduction on schooling is that frequent and intense biting from infected mosquitoes confers a degree of acquired immunity that shields the victim from severe sickness and mortality. This immunity disappears if infection becomes less frequent, and might therefore lead to an increased chance of severe morbidity or death when infection does happen. Whether This paper attempts to address these issues by studying differences in malaria risk in an African country, Ethiopia, using arguably exogenous drivers of local malaria transmission.
Ethiopia is a particularly suitable country to examine because Ethiopian villages vary considerably in their exposure to malaria, and perhaps like nowhere else, even villages in close proximity to one another can have starkly different malaria incidence profiles. The main explanation for this is the complex topography of this mountainous country, and the sensitivity of malaria transmission to local differences in elevation and slope. Here, I use differences in the interaction between elevation and slope as exogenous shifters of a self-reported measure of malaria prevalence, and use instrumental variable techniques to obtain a measure of the impact on schooling outcomes. I do this by matching a large-scale household survey (the 2004 Ethiopia Welfare Monitoring Survey) with satellite-derived weather and topographic maps. The implied "causal" effect of malaria on education, when village topographic characteristics are used as instruments, is in the range of 0.3-0.6 years for a village going from no malaria to a village with average malaria incidence.
The identification strategy used has many advantages and some drawbacks. First, I find that the interaction between elevation and slope captures malaria rates quite well. That is because malaria is sensitive to elevation differences in places (flatlands) where the habitat is suitable for mosquito breeding, and is not sensitive to elevation in unsuitable areas (steep lands). Second, the variation in topographic characteristics is large enough that it is possible to estimate differences in malaria prevalence across villages located within the same province (wareda), the smallest administrative unit in Ethiopia after the village. Since most administrative units, local markets, and school administration are centralized at the provincial level, the within-estimator eliminates a large source of heterogeneity in health and education. Moreover, within province estimates largely eliminate unobserved variation in weather, disease patterns, agricultural practices, and cultural traditions. Third, and most importantly, the approach allows me to estimate the impact of malaria across all incidence intensities, thanks to the great these negative effects of malaria reduction in fact affect educational attainment remains an open question. variation in morbidity that spans hyperendemic, hypoendemic, and malaria free villages.
The main drawback of this approach is that testing the exclusion restriction is not simple.
A causal interpretation requires topography to be uncorrelated with other possible factors that may affect children's education. Indeed, it is likely that elevation and slope are correlated with many factors other than disease, including agricultural production, households wealth, and the returns from education. It is less clear whether the interaction between elevation and slope should be correlated with those same factors, after controlling for the direct effect. To the extent that these factors are observable and can be controlled for, I find that they have a small impact on my estimates. To gain a better sense of which factors might be important confounders, I also explicitly study the relationship between topography and a number of village variables, including asset, land and livestock ownership, exposure to agricultural shocks and distances to major services like schools. I do find that land ownership declines in areas with lower predicted malaria incidence, suggesting perhaps differences in land pressure. Since land pressure differences might come from malaria pushing uplands those individuals with higher propensity for education, the estimates presented in this paper possibly include the indirect impact of malaria prevalence on (past) migratory patterns, such that there are unobservable differences in ability across topographic characteristics. Since it is impossible to test all possible pathways between topography and education with the available data, I present two more pieces of evidence that suggest that malaria is the most likely pathway. First, I show that the correlation between elevation and education disappears in villages located in malaria-free areas. Second, I run a falsification test using data from Nepal. Like Ethiopia, Nepal is a developing country whose environment is shaped by differences in elevation and whose climate varies from sub-tropical lowlands to alpine highlands.
Unlike Ethiopia, Nepal (a malaria-endemic country) had a malaria eradication campaign in the fifties, and as a consequence the disease is now rare. Using data from the Nepal Demographic 2 Note that there is some evidence that malaria has an impact on land relocation choice: see Zhang, Castro and Canning (2011) for an example from Brazil. Ethiopia has a history of internal migration, mostly associated with civil wars and state-sponsored violence. I will show in section 6.1 that there are no significant differences in length of land tenure, excluding recent migration to the lowlands as a channel.
Health Surveys from the 2001 and 2006 rounds, I find that there is no correlation between elevation and sickness, or between elevation and education.
The estimates found in this paper are comparable with findings from the literature on malaria. Lucas (2010) estimates the causal effect of a 10% reduction in malaria in Paraguay and Sri Lanka to be 0.1 years of schooling, which is significantly less than what I find here. Barreca (2010) used variation in rainfall and temperature in the 1920s American South to estimate that a standard deviation increase in exposure to in-utero and postnatal malaria reduced education by 0.23 years.
3 My estimates are somewhat larger than what has found previously, suggesting that the gains for malaria reduction are larger in non-eradication countries.
Aside from contributing to the literature on the effects of tropical disease on human capital accumulation, my paper provides a better understanding on the opportunities-and shortfalls-presented by the use of satellite derived data in the study of malaria. In the last two decades, a lot of resources have been placed in using these data to construct maps that predict malaria incidence (see, for instance, the maps of predicted malaria from the MARA/ARMA project in figure 3 ), but up to now it has been unclear whether these can be used as instrumental variables. By matching topographical predictors of malaria with detailed household information, this paper shows that slope/elevation interactions can function as instruments with some possible caveats.
The rest of the paper is structured as follows: the next section provides background information on Ethiopia and malaria. Section 3 presents the data. Section 4 discusses the methodology. Section 5 include the main results from the paper, with section 6 exploring the validity of the exclusion restrictions. The conclusion follows. 4 In areas of year-round high malaria incidence, then, morbidity and mortality for children 0-5 years old tends to be very high, declining with age after that point. In areas where malaria transmission is low or seasonal, early life malaria morbidity and mortality is generally much lower, with morbidity and mortality declining with age but less steeply, because there is no acquired immunity. 
Transmission: slope and temperature
Malaria transmission is affected by land slope and temperature. Mosquito larvae need stagnant water pools to survive, and these pools are less likely to form in sloped areas. Moreover, larvae developing in water pools in sloped areas are more likely to be washed away during downpours.
Thus, sloped areas make for poor mosquito breeding ground, reducing the threat of malaria 4 Acquired immunity is quickly lost after a short period of time if the person is not reinfected, making the individual susceptible to feeling sick again in case of eventual reinfection. This was widely observed during several malaria eradication attempts in sub-Saharan Africa, which interrupted malaria transmission for one to three years and caused local resistance to the disease to lapse, causing significant morbidity and mortality.
5 See Cook and Zumla (2008) for additional and comprehensive information on malaria.
transmission.
Increases in temperature increase malaria transmission because they increase the survival rate of mosquito larvae and reduce the length of sporogony-the time it takes for a mosquito which has ingested infected blood to be able to transmit the disease (Cook and Zumla, 2008) .
Below a certain temperature threshold (corresponding to approximately 18 degrees Celsius), sporogony is sufficiently slow that it cannot be completed before the mosquito dies, making malaria transmission impossible. The relationship between temperature and sporogony is represented in figure 1 , boxes a. and c. (Craig, Snow and le Sueur, 1999).
In Ethiopia, air temperature is largely determined by elevation. Figure 2 shows the relationship between elevation and the average daily temperature in the warmest month for Ethiopia. Above 2,500 meters of elevation, temperatures are consistently below the no-malaria threshold, making villages located there malaria-free.
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To be sure, malaria is not the only vector borne tropical disease that might be influenced by temperature and terrain. Dengue fever (transmitted by mosquitoes) is generally concentrated in urban areas and is found sporadically in Ethiopia (Aseffa, 1993) ; Yellow fever and Chikungunya (also transmitted by mosquitoes) are rare in the country; 7 Sleeping sickness (transmitted by tze-tze flies) is also found sporadically (Fevre et al, 2006) as is Rift Valley fever (which, in any case, has severe morbidity and mortality rates in less than 1% of patients [WHO, 2010a] ). Ethiopia is considered at a high risk of meningitis epidemics (Cuevas et al, 2007) , and while there is some association between environmental factors (rainfall, forest cover, dust levels, human population density) and the spread of the disease, the relationship between meningits and either elevation or slope is not understood. 8 Other diseases, like diarrheal dis-eases or influenza, might be affected by land slope or temperature, but they are unlikely to be affected by the interaction of the two.
Malaria in Ethiopia
In Ethiopia, the estimated incidence rate for malaria (i.e., the estimated probability of contracting the disease in a year) is 15%, which is low relative to the rest of sub-Saharan Africa (where the average incidence rate is 0.33), but higher than any other country outside of subSaharan Africa bar Panama, Laos, Myanmar, and the Solomon Islands (Korenromp, 2005 ).
Despite the somewhat low incidence rate, this country is an appealing place to do a study on malaria for at least two reasons. First, malaria is still a very important public health problem:
Ethiopia is thought to experience some 10 million cases per year, the fourth highest case number in sub-Saharan Africa (behind Nigeria, the DRC, Tanzania, and Uganda [Korenromp, 2005] ).
According to an Ethiopian report, clinical malaria accounts for 10 -40% of all outpatient consultations, 13 -26% of inpatient admissions at various health facilities, and is responsible for 
Methodology
The objective of this paper is to estimate α 
where the main outcome y c of interest is the average years of schooling for village cohort group c. The main regressor of interest is malaria risk, the incidence rate of the disease in a village.
Cohorts are defined over age (school aged children with less than 19 years of age, and adults with more than 19 years of age) and gender. I include two sets of controls. T includes average village rainfall, average village slope or quintile of slope, and elevation (in some cases which will be discussed later in the section). It thus controls for environmental characteristics that affect incomes as well as malaria incidence.X c controls for other determinants of education and includes village averages of: cohort age and sex, education of household heads, spouses, ownership of oxen and livestock, household asset ownership, distance to primary schools and health centers, and the fraction of households with a female household head. Since many of these variables are determined by the completed education of adults, the control setX c for adult cohorts include only cohort age and distance to facilities. 11 Finally, all regressions include province fixed effects ρ p , so the effects of malaria incidence on education comes from differences in malaria within the same province. Since sickness and education are likely correlated at the village and province level, I obtain conservative standard errors by running regressions at the village level, and by clustering errors at the province level.
The objective of the study is to provide an estimate of α c 1 -the impact of malaria risk on schooling. While malaria rates vary over time, depending on weather and other time-variant factors, malaria risk should be time-invariant. That is, the observed malaria incidence rate over a period of time t is related to malaria risk through the following:
In the WMS sample, the underlying malaria risk is unobservable, and the only measure of 12 Moreover, the self-reported nature of village malaria creates a series of additional problems. For instance, more informed households (which presumably have a higher demand for education) might also be more likely to report disease spells, providing a further bias towards the null hypothesis. And even if malaria incidence were measured with no bias or error, villages with higher investments in education might also value higher investments in malaria prevention and lower malaria rates, thus biasing estimates upward.
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I address these shortcomings by using a two stage least squares approach that instruments recent self-reported village malaria using village topographical characteristics. That is, 11 Results presented here are robust to changes in the controls, including the addition of distances to other facilities and services and average exposure to shocks.
12 Malaria in the highlands fluctuates from year to year and seasonally. Fortunately, the survey was taken between June 24 and July 3, a period that generally follows the peak of the minor transmission season (MarchJune). Thus the survey covers a period of malaria transmission. 13 At the time of the survey, mosquito nets were quite rare in rural Ethiopia. However, malaria incidence is sensitive to environmental management, which might occur in wealthier villages.
I first run the regression,
where the instrument set Z includes one of the following:
1. Elevation, on the subset of villages in malaria-prone areas (below 2,500 meters of altitude);
2. Elevation, a dummy for villages located above 2,500 meters, and their interaction, on the entire set of villages located at all elevations;
3. Full interactions between village elevation, quintiles of village slope, and a dummy for villages located above 2,500 meters. This regression controls for the direct effect of elevation and quintiles of village slope in the second stage.
The use of elevation as a sole instrument requires that the exclusion restriction holds.
That is, the within-province variation in village elevation has no other way to affect schooling other than through its impact on malaria. This may be hard to justify in light of the potentially important environmental differences across elevation zones. For instance, crop choice in Ethiopia varies by elevation, so the exclusion restriction is violated if crop choice impacts education (say, through labor demand or farm income). This remains true also in the second instrument set. The exclusion restriction for the third set is different, because elevation and slope appear directly in the second stage as controls. For this instrument set to be plausible, it is necessary to believe that whatever impact elevation or slope have on schooling, it does not work through the interaction between the two. Since this assumption is much more stringent and realistic, estimates from the first two instrument sets are shown for comparison purposes, and those from the third instrument set are preferred.
Results

Malaria and topography
I document the relationship between the disease environment and topography in figure 5 and table 2. Figure 5 plots the non-parametric estimate of the measure of self-reported malaria on village elevation. As altitudes increase, the proportion of the villagers reporting it decreases.
The proportion of villages suffering from malaria remains flat and close to zero for elevations above 2,500 meters, as expected. The trend below 2,500 meters is roughly linear, so in this paper I present results based on a linear trend (and results do not change if a more flexible relationship is used). Finally, I consider a regression of malaria on elevation, slope quintiles dummies, above 2,500 meter dummy, and all interactions for the full sample. Controlling for elevation and slope quintile dummies, the various interaction terms are also predictors of malaria. Since the patterns of malaria and topography are similar to those already reported, the results are reported in the appendix. The p-value of the F-statistic associated with these terms is 0.001.
These will be used in the following section as excluded instruments.
Schooling and malaria
Having established that recently reported malaria is correlated to topography in a specific way, the next task is to show that schooling is similarly correlated. In table 3, I regress the average years of schooling for children and adults on elevation, slope, and covariates, first focusing on elevations below the 2,500 meter threshold (columns 1 and 2) and then on all villages (columns 3 and 4). 15 Children and adults living at higher elevations have higher educational attainment.
Conversely, the higher the slope of the village, the lower the educational attainment. Moreover, when slope dummies are interacted with elevation (column 5 through 7), regressions show that there are gains in education from elevation in flat areas, but the higher the slope, the lower the gain: 100 meters of elevation gain correspond to an additional 0.095 years of schooling for children and 0.078 years for adults for those living in flat areas. The gain in schooling declines as slope increases, and there are no gains for those living in the steepest areas. This pattern is what could be expected if malaria were driving educational attainment. 16 The inclusion of covariates reduces somewhat the relationship between topography and education: when covariates are excluded, coefficients are more significant, perhaps suggesting that part of the impact of malaria on schooling is mediated through the long-term villages' accumulation of wealth.
I turn to instrumental variable estimates in table 4, panels A and B. Here, I assume that village topographical characteristics are valid instruments for malaria incidence, and look directly at the impact of recent self-reported village malaria on average years of schooling for children and adults, with results disaggregated by gender. In the first column, I report OLS results. In column 2, I use instrument set 1 on villages that lie below the 2,500 meter threshold.
In column 3, I include all villages, and use instrument set 2. Finally, in column 4 I report the preferred specification, which controls for elevation and slope quintiles, and uses instrument set 3. Since the latter two regressions include multiple instruments, I report the results from a limited information maximum likelihood estimation (LIML), which reduces any biases in the IV estimates originating from having many instruments, small sample size, or weak instruments.
15 Coefficients on covariates are not shown but move in the expected direction: parental wealth and education increase childrens schooling and distance to schools decreases it. Livestock ownership is associated with more schooling, suggesting that the income effect from livestock trump substitution effects arising from the fact that animal husbandry is an important labor activity of Ethiopian children. 16 As a further check, regressions on the entire sample with a triple interaction term between elevation, slope quintiles and a dummy for above 2,500 meters lead to very similar results on the interaction terms: significant and declining interaction terms for those below the threshold, insignificant if above the threshold.
Looking at the first column of the table, the coefficient on malaria is small and statistically insignificant for all OLS regressions, as expected if measurement error is the most important problem. When turning to the IV specification in column 2, however, the coefficient on malaria becomes negative, large, and statistically significant for children, and marginally insignificant for adults (p-value for the adult regression: 0.10). Coefficients for women are slightly larger but within the standard error of those for men for both adults and children. Coefficients are very similar when the instrument set includes elevation splined at 2,500 meters (columns 3), although they are smaller for adults. Finally, column 4 shows that, even after controlling for the direct effect of elevation on schooling, instrumented malaria remains strongly and negatively associated with lower schooling levels, with higher point estimates but also larger variance. Point estimates are higher for males than females, which is consistent with epidemiological evidence showing that Ethiopian males are more exposed to the disease (Yeshiwondim et al, 2009 ).
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Overall, considering all estimated coefficients, the regressions indicate that moving from a no malaria village to one with average malaria (where the average is 5.7% for all villages, and 6.7% for those located below 2,500 meters) reduces education by 0.34-0.49 years for children, and 0.33-0.63 years for adults.
The regressions provided in panels A and B pass a number of tests. F-statistics of joint significance for the first stage are large for all instrument types. The underidentification rejects the null of underidentification with a 99% confidence. Instruments are found to be mildly weak:
the Kleibergen-Paap Wald rk F statistic varies from 2.76 to 3.0, which is a rejection at slightly above the 10% level.
Other outcomes
There are several ways in which a higher incidence of malaria could drive down education attainment. Aside from the effects of exposure at birth, contemporaneous malaria could lead to school absenteeism, higher dropout rates, and -when a parent is sick-substitution between adult and child labor. Moreover, expectations about future sickness could also lead to lower education levels. For instance, if severe malaria morbidity and mortality declines with child age, higher incidence of malaria could lead to delayed school entry, or no entry at all.
The data used in this paper is not suitable to explore these channels in great detail. In the last panel of table 4, I report OLS and IV results on three outcomes which relate to these channels: the proportion of children over the age of 10 engaged in work, the fraction with no schooling, and the average age of those with no schooling. The coefficient of malaria incidence on child labor is positive, but statistically insignificant. That is not too surprising, given that work is measured only for the prior seven days and is therefore quite noisy. The following set of results indicate that the fraction of children unschooled increases with predicted malaria incidence, suggesting that one reason for the lower average education outcomes found in panel A and B come from a larger fraction of children not having any schooling at all. Finally, the last set of regressions consider the average age of those with no education. If children in places with more malaria enter school later, the average age of children with no schooling should be higher, after controlling for age and proportion of children never enrolled in school. This is not something consistently found in the malaria regressions: the coefficient on malaria is positive (as expected) when elevation is the sole instrument, but it is not statistically significant and turns negative in column 4.
Testing the exclusion restriction
The IV results in table 4 originate from the positive correlation between topography (the interaction of elevation and slope) and education. In order for these measures to take a casual sense, it is necessary that the within-province variation in topography has no other way of affecting schooling other than through its impact on malaria. It is important to emphasize that many factors could be involved. For instance, elevation alone could affect farm productivity, exposure to weather shocks, income, or demand for child labor. Higher elevation villages might have closer access to schools, services, or labor markets where returns to education are higher. Finally, differences in elevation might correlate with differences in preferences, migratory patterns, and other unobservable characteristics. Whether these differences vary across slopes is, however, the relevant question. In this section, I present partial evidence in support of the method used: I show the relationship between other education determinants and the topography instruments, in search of patterns that are consistent with the reduced form findings of table 3. Obviously, this approach will provide only partial evidence, since villages might be very different along a variety of ways unobserved in the data.
Topography and other village differences
I explore the relationship between other factors that affect education and elevation by running the following set of regressions on village-level averages:
where y v are characteristics of a village that could affect either the demand or supply of education, Z vp is the instrument set 3, and X vp and T vp include the regressors in equation (2) . For simplicity, I only report the β estimates from the sample to villages located below the 2,500 meter threshold in table 5.
The first concern with the exclusion restriction is that differences in the natural environment across elevations and slopes affect agricultural production. To address the first concern, and lacking direct information on farm productivity and household earnings, I make use of the information about household exposure to possibly exogenous production shocks in the survey.
Households were asked how many times they suffered drought, floods, livestock deaths, or other shocks in the prior five years. I report columns 1-4, I regress elevation on the average number of reported instances.
Second, I assess the possibility that the instruments are correlated with village endowments as measured by three variables: the asset ownership index (which I refer as wealth), the size of landholdings, and the number of livestock owned.
Third, topographical differences in population density and market structure (say, arising from highland planes being more densely populated or economically diverse) could be a threat to identification if these lead children to seek employment outside of farming-where schooling may be important. 18 In columns 8 and 9, I consider two proxies: fraction of household that are landless, and fraction of household heads employed in non-farm sectors.
Fourth, topography might be correlated with migration. Unfortunately, the data does not include information on in-or out-migration. As a partial and admittedly unsatisfying check, I show in column 10 that length of land tenure does not vary by elevation interacted with slope.
If flat, low elevation areas are at the receiving end of recent migratory flows (from landless people in flat, higher elevation areas), we could expect that average land tenure is lower.
Finally, it is possible that steep-lands in high elevation areas have, for historical or political reasons, a more developed infrastructure. Since the exact location of each village relative to the surrounding major towns or cities is unobserved, I make use of householdspecific distances to locations or facilities. Column 11 considers the special case of distance to elementary schools.
19 Table 5 largely shows that the observed variables do not correlate with slope in a way that threatens identification-that is, they are not more correlated with elevation in flat areas than in steep areas. For instance, other shocks, livestock ownership, and distance to school and other facilities are all correlated with elevation in steep areas, but not in flat areas, shocks to livestock has significant correlation only in quintile 2 and 4, and average tenure, floods, wealth and non farm employment are all uncorrelated with the instruments. Possible candidates 18 It should be noted that any land scarcity in flat highlands could work against educational attainment if the smaller plots impact the ability of households to pay for schooling. 19 School distance is a convenient proxy to distance to other services, since distances to other services (like health centers, markets, roads, sources of farm goods, and so on) behave in a similar pattern (regressions not shown).
for alternative explanations are landlessness (which is correlated with elevation only for slope quintile 2), landholding size (correlated with elevation at all slopes), and droughts (correlated only in quintile 1). The result on landlessness and landholding size could suggest that population pressure is more sensitive to elevation in flatter areas. However, not one alternative explanation fits precisely the pattern observed for the malaria and schooling regression: strong correlation with elevation in the flat lands, declining correlation at higher slopes, and no correlation at all in the steepest quintile. Therefore, controlling for droughts, land sizes, and landlessness neither change magnitude or significance of the estimated malaria impact on schooling, nor are statistically significant explanatory variables in the education equation.
Falsification tests
An additional way to check the validity of the exclusion restriction is to test whether topography has a direct impact on education in developing countries without malaria. Here I consider the case of Nepal. Due to the presence of the Himalayan mountains, the rural population of this country is dispersed across many different elevations. Moreover, elevations in Nepal span the same ecosystems as Ethiopia, from the sub-tropical environment in the Terai lowlands to alpine environment in the highlands. Finally, while malaria was endemic in Nepal, following an eradication campaign in 1958 and subsequent malaria control program incidence rate of the disease is very low, with less than 3,500 confirmed cases in 2009. (WHO, 2010). Since malaria has been only a minor factor for decades, the effect of elevation on education is driven entirely by other unobservable characteristics that I am unable to capture using the Ethiopian data.
In table 6, I report results of health and education regressions using DHS data collected in rural areas during the 2001 and 2006 rounds, which contain information on health shocks suffered by children in the prior two weeks, educational attainment of all household members, and precise measurements of village elevation. Unfortunately, the data does not include several key variables of interest, including village slope, distance to schools and other facilities, and other household controls like wealth (for the 2001 round), so it is not possible to replicate precisely the results from Ethiopia. I thus regress average education on elevation with a reduced set of controls. As before, since education and health outcomes might be correlated within villages, I run village-level regressions where all left and right hand side variables are averaged at the village level. Normally, errors should also be clustered at the province level to deal with within-province correlation; unfortunately, there are only 13 land divisions in the DHS data, too few to provide consistent results. As an alternative, I report block-bootstrapped standard errors. Finally, since I lack the information required to determine the elevation above which malaria cannot be sustained, I consider several sub-samples of villages located below 2,000 meters, 1,500 meters, and 1,000 meters.
Panel A regresses the fraction of children who are reported suffering from fevers (which can proxy for malaria), diarrhea, and cough on elevation, covariates, and region dummies. In all cases, the coefficient estimates are small and statistically significant, regardless of village sample. This confirms that there is no elevation-health gradient in Ethiopia.
In panel B and C, I test for the presence of an elevation-education gradient. As before, I run separate regressions for children and adults, and by gender. In all cases, coefficient estimates are not statistically different from zero. Children's education is positively correlated with elevation only in the subsample of villages below the 2,000 meters, and in all cases the coefficient estimates are much smaller than those found in Ethiopia. For adults, education is negatively correlated with elevation across all specifications. These results suggest that elevation per se may not be correlated with unobserved determinants of education.
Conclusion
This paper presents estimates of the causal impact of malaria on schooling using data from an African country. I find that living in Ethiopian villages that are less prone to malaria increase schooling for adults and children by approximately 0.3-0.6 years, which is a large in a country with very low schooling. These estimates rely on the fact that malaria incidence falls with elevation, but by less in steeply sloped villages where there is little malaria to begin with. I also find that elevation and slope matter for education only in the range of elevations where malaria is likely to occur and cease to matter in places with no malaria. Moreover, I use data from Nepal, a country with significant variation in elevation but no malaria, to show that neither health nor education are correlated with elevation. Column title is dependent variable. Shocks measured as the village average of the number of times a household suffered the shock in the prior 5 years. Wealth: average value of asset index. Tenure length: the number of years in that residence. Errors clustered at the province levels in parentheses.
*** p<0.01, ** p<0.05, * p<0.1 Topography based on insturment set 3.
Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
